Acute administration of clozapine (10-20 mg/kg) The amygdaloid complex is an ensemble of nuclei that play a central role in emotional processes, particularly in the assignment of affective significance to specific stimuli (Aggleton 1993; Aggleton and Mishkin 1985; Gallagher and Chiba 1996; Le Doux 1995) . Information elaborated in the basolateral amygdaloid nuclei enter into the central amygdaloid nucleus, which conveys the stimuli together to elicit appropriate behavioral responses (Pitkänen et al. 1997) .
The amygdaloid complex is an ensemble of nuclei that play a central role in emotional processes, particularly in the assignment of affective significance to specific stimuli (Aggleton 1993; Aggleton and Mishkin 1985; Gallagher and Chiba 1996; Le Doux 1995) . Information elaborated in the basolateral amygdaloid nuclei enter into the central amygdaloid nucleus, which conveys the stimuli together to elicit appropriate behavioral responses (Pitkänen et al. 1997) .
Neuronal cell groups composing the central and medial amygdaloid nucleus form a continuum of cells that extend through the sublenticular extended amygdala (SLEA) and the interstitial nucleus of the posterior limb of the anterior commissure (IPAC) to merge with the bed nucleus of stria terminalis (BST) and form the socalled extended amygdala (Alheid and Heimer 1988; Alheid et al. 1995; Heimer et al. 1997b) .
The central division of the extended amygdala, which is formed by the central amygdaloid nucleus, BST lateral division, IPAC, and SLEA central division, establishes reciprocal neuronal connections with the caudal aspect of the nucleus accumbens shell (Acb shell) and is also connected with the prefrontal cortex (de Olmos et al. 1985; Heimer et al. 1997a; Heimer et al. 1997b; Zahm and Brog 1992) .
Based on anatomical connections, the extended amygdala seems to be an important site involved in neuropsychiatric disorders (Heimer et al. 1997b ); however, specific data showing the effect of drugs used in the therapy of these disorders in the extended amygdala are scarce. Induction of the early gene c-fos by antipsychotics in the central amygdaloid nucleus (Sebens et al. 1995) and antagonism of the excitatory effects induced by a local infusion of amphetamine in the amygdaloid complex by clozapine (Wang and Rebec 1996) have been reported. Moreover, it was recently shown (Beck 1994; Duncan et al. 1996; Morelli et al. 1999 ) that antidepressant drugs inhibiting either noradrenaline or serotonin re-uptake, induced the expression of the early gene c-fos in areas belonging to the rat extended amygdala, suggesting a role of the extended amygdala in disorders characterized by affective disturbance.
Induction of the early gene c-fos is secondary to neuronal activation and is correlated to an increased function of specific areas in the CNS (Sagar et al. 1988) . Moreover, detection of the c-fos-encoded protein Fos, through fos-like-immunoreactivity (FLI), allows the study of the influence of drugs in small brain areas, such as those examined in this study, and analysis of several brain areas at the same time and in the same experimental animal.
Using this methodology, it has been shown that classical and atypical antipsychotics, such as haloperidol and clozapine, induced the same pattern of FLI in the nucleus accumbens and lateral septum, whereas, they induced a different pattern of FLI in the striatum and prefrontal cortex, which is predictive of their ability to cause extrapyramidal side effects and to be effective on the negative symptoms of schizophrenia (Deutch and Duman 1996; Fibiger 1994; MacGibbon et al. 1994; Merchant et al. 1996; Nguyen et al. 1992; Robertson and Fibiger 1992; Robertson et al. 1994; Wan et al. 1995) .
To evaluate the potential role of the extended amygdala in the effects of antipsychotic drugs, particularly those effective in cases that respond poorly or not at all to classic antipsychotics, we evaluated the induction of c-fos through FLI in areas of the rat brain belonging to the extended amygdala after acute administration of the atypical antipsychotic clozapine, which reduces the negative symptoms of schizophrenia, and haloperidol, which belongs to classical antipsychotics and which, differently from clozapine, induces extrapyramidal side effects (Brunello et al. 1995; Kane et al. 1988) .
METHODS

Experimental Protocol
Male Sprague-Dawley rats (200-250 g) were used in all the experiments. Different groups of rats received one of the following treatments: vehicle ( n ϭ 6), clozapine (10 mg/kg, n ϭ 6), (20 mg/kg, n ϭ 7), haloperidol HCl (0.1 mg/kg, n ϭ 5) (1 mg/kg, n ϭ 4). Clozapine was dissolved in slightly acidified (pH 6.0) saline and injected IP, haloperidol was diluted with saline from SERE-NASE (Lusofarmaco, Italy) and injected SC.
To minimize the influence of stress on the induction of FLI in limbic areas, rats were habituated to the manipulation that precedes the injection during 4 days before the experiment. Rats were also kept in the animal room and in a familiar cage during the experiment.
Fos Immunohistochemistry
The different groups of rats were anesthetized with chloralhydrate 120 min after vehicle, clozapine, or haloperidol administration. Rats were then perfused transcardially with saline followed by 4% paraformaldehyde dissolved in 0.1 M sodium phosphate buffer, pH 7.4, and their brains, postfixed in the same solution, were cut coronally on a vibratome (40 m) 2 days later. Sections were incubated for 48 h with a fos primary antibody selected from a conserved region of mouse and human c-fos (OA-11-824, Cambridge Research Biochemical) at a dilution of 1:1,400. The reaction was visualized using biotinylated secondary antisera and by standard avidin-biotin-horseradish peroxidase technique. Control sections were incubated in the presence of the fos peptide.
Fos-immunoreactivity was quantified with an image analyzer (IBAS, Zeiss) by counting the number of Foslike positive nuclei. We considered as Fos-like positive only neurons showing gray levels ranging between 0 and 110/120 (total range was from 0 to 255) in order to eliminate FLI background as well as very light stained nuclei constitutively present all over the brain. The number of stained cells in each structure was counted in the two brain sides of each rat, and the values were averaged for each experimental group.
Drugs
Clozapine was kindly donated by Polfa (Starogard, Poland), haloperidol (SERENASE, Lusofarmaco, Italy) was purchased from commercial sources. Drugs were injected in a volume of 0.3 ml IP or 0.1 ml SC/100 g body weight.
Statistics
Mean and SEM were calculated. Significance between groups was evaluated by analysis of variance (ANOVA) followed by Student-Newman-Keuls test. Figure 1 shows the levels in which the number of foslike positive nuclei were determined. Section levels were obtained from the Atlas of Paxinos and Watson (1986) .
RESULTS
Fos-Like-Immunoreactivity After Clozapine
Acute administration of clozapine at either 10 or 20 mg/kg IP induced an increase in FLI in the prefrontal cortex, Acb shell, BST lateral division, and central amygdaloid nucleus (Table 1, Figures 2 and 3) . Lower Number ϩ SEM of fos-like positive neurons in the prefrontal cortex (PFCx), nucleus accumbens shell (Acb shell), core (Acb core), dorsolateral striatum (lCPu), bed nucleus of stria terminalis lateral division (BSTL), interstitial nucleus of the posterior limb of the anterior commissure (IPAC), sublenticular extended amygdala (SLEA), central amygdaloid nucleus (Amyg Ce). The values are the means of 4 to 7 rats. When not receiving the drugs, rats were treated with the vehicle. Clozapine and haloperidol were injected IP and SC, respectively.
Statistically different from vehicle-treated rats, * p Ͻ .05, ** p Ͻ .005.
and the results were pooled together, because no different effects were observed in the two groups.
DISCUSSION
Acute administration of clozapine induced FLI in areas belonging to the central extended amygdala (central amygdaloid nucleus, IPAC, SLEA and BST lateral division). In contrast, haloperidol induced FLI in the IPAC but failed to increase FLI in SLEA and BST lateral division. Moreover, haloperidol induced a low increase of FLI in the central amygdaloid nucleus at lower but not higher doses.
To compare the results obtained with clozapine and haloperidol, the doses of drugs used were selected on the basis of previous studies and considering that clinically equivalent doses of the two drugs have approximately a 70-fold difference (Brunello et al. 1995) .
From the early work of de Olmos (1972), which characterized a sublenticular corridor of cells between the central amygdaloid nucleus and the BST, and on the basis of several studies that have shown similarities of connections and neurochemistry between the central amygdaloid nucleus and the BST, the term "extended amygdala" has been applied to the continuum of cells that extends from the central and medial amygdaloid nucleus, through the SLEA and IPAC, to the BST (Alheid and Heimer 1988; Alheid et al. 1995; de Olmos et al. 1985; Heimer et al. 1997b) .
Two partitions of the extended amygdala are recognized: the central, composed by the central amygdaloid nucleus, IPAC and BST lateral division; and the medial, composed of the medial amygdaloid nucleus and the BST medial division (Heimer et al. 1997b ). These two partitions differ in their efferent targets, because the central, but not the medial, extended amygdala is connected to the Acb shell (Heimer et al. 1997b ). The BST lateral division and the central amygdaloid nucleus receive, in fact, projections from the Acb shell; conversely, these two areas reciprocate these projections (Heimer et al. 1997a; Heimer et al. 1997b; Zahm and Brog 1992) .
The SLEA can also be subdivided in a central and medial division; however, the cells composing these two parts are not well defined, and they can be differentiated only by using specific immunohistochemical markers (Heimer et al. 1997b ); therefore, the two SLEA divisions were not distinguished in this study.
Because clozapine, but not haloperidol, induced FLI in the central extended amygdala, the present study might suggest that atypical and classical antipsychotics exert some of their therapeutic effects through different mechanisms that might be related to FLI induction in all these areas.
The only area of the extended amygdala in which haloperidol strongly increased FLI was the IPAC. This re- increase in FLI was observed in the Acb core, dorsolateral striatum, IPAC and SLEA (Table 1, Figures 2 and 3) .
The small number of fos-like positive nuclei observed in IPAC and SLEA was attributable to the anatomical characteristics of these two portions of the central extended amygdala, which form two corridors of sparse cells connecting the central amygdaloid nucleus to the BST lateral division (Figure 4) . Therefore, coronal sections such as those used for FLI quantification do not allow the visualization of a large number of nuclei.
FLI was already maximal after 10 mg/kg of clozapine in all areas examined (Table 1) . Acute administration of clozapine did not induce FLI in areas belonging to the medial extended amygdala (medial amygdaloid nucleus and BST medial division) (data not shown).
Fos-Like-Immunoreactivity After Haloperidol
Acute administration of haloperidol (0.1 and 1 mg/kg SC) induced an increase in FLI in the Acb shell, dorsolateral striatum and IPAC, whereas a lower increase in FLI was observed in the Acb core (Table 1, Figures 3  and 5 ). In the prefrontal cortex, BST lateral division and SLEA, haloperidol did not increase FLI at any dosage (Table 1, Figure 3 ). In the central amygdaloid nucleus, a small increase in FLI was observed after 0.1 mg/kg, whereas, 1 mg/kg did not modify FLI (Table 1, Figure  3 ). Both in the central amygdaloid nucleus and BST lateral division, FLI was less pronounced after 1 mg/kg than 0.1 mg/kg (Table 1) .
Similarly to clozapine, acute administration of haloperidol did not induce FLI in areas belonging to the medial extended amygdala (data not shown).
Control rats were treated with slightly acidified (pH 6.0) saline or with the control saline from SERENASE (C,F,I ). CPu ϭ striatum, ac ϭ anterior commissure, GP ϭ globus pallidus, ic ϭ internal capsule. Scale bar ϭ 0.5 mm.
sult, however, is probably attributable to the large rise in FLI induced by haloperidol in the striatum, from which IPAC, otherwise called fundus striati (Paxinos and Watson 1986) , is not distinguished. Therefore, this result might not indicate a specific action of haloperidol in the extended amygdala. The only effect of haloperidol that could be regarded as specifically attributable to an effect on the extended amygdala was the increase of FLI observed in the central amygdaloid nucleus after low, but not high, doses. The reason why haloperidol did not affect FLI after the higher dose is not apparent; however, this result suggests that the increase observed after haloperidol in the central amygdaloid nucleus is limited and of low intensity.
Previous studies (Wang and Rebec 1996) have shown that clozapine blocked the electrical and behavioral excitatory effects of intra-amygdala infusion of amphetamine, whereas, haloperidol failed to reverse the increase in neuronal activity and only partially blocked the behavioral activation. Moreover, FLI studies (Sebens et al. 1995) have shown that clozapine induced a higher increase of FLI in the central amygdaloid nucleus, as compared to haloperidol. Our results, showing that clozapine and haloperidol differentially affected FLI in all central extended amygdala portions, provide evidence for a different role of the two drugs, not only in the amygdala, but also in the whole central extended amygdala.
Stressor stimuli processed by limbic forebrain circuits, such as restraint, induce FLI in mesolimbic areas (Senba and Ueyama 1997) . Therefore, in the present study, stress was minimized by habituating the rats to handling and by keeping them in the animal room and in a familiar cage during the experiments. This procedure resulted in low levels of FLI in vehicle-treated rats, and this might explain the differences observed in the absolute number of fos-like positive neurons in the central amygdaloid nucleus between our results and those of previous researchers (Sebens et al. 1995) .
The central amygdaloid nucleus and BST lateral division receive projections from the prelimbic and infralimbic cortices, which compose the prefrontal cortex (Cassell and Wright 1986; de Olmos et al. 1985) . In these areas, as already reported (Deutch and Duman 1996;  MacGibbon et al. 1994; Merchant et al. 1996; Nguyen et al. 1992; Robertson and Fibiger 1992; Robertson et al. 1994; Wan et al. 1995) , clozapine, but not haloperidol, increased FLI. Therefore, induction of FLI in the central extended amygdala, such as in the prefrontal cortex, might be a way to differentiate atypical from typical antipsychotics.
Both the prefrontal cortex and the amygdala play important roles in the processing and expression of emotional responses (Aggleton and Mishkin 1985; Aggleton 1993; Alheid and Heimer 1996) . Studies in primates correlated the loss of social and affective behaviors with the removal of the amygdala (Aggleton 1993) , whereas, studies in humans have described an impairment of social behaviors and in processing information having emotional significance after damage of the amygdala or the prefrontal cortex (Adolphs et al. 1995; Damasio et al. 1990; Damasio et al. 1994; Scott et al. 1997) . The central amygdaloid nucleus is the output nucleus of the amygdala (Pitkänen et al. 1997 ) but also elaborates components of the integrated emotional behavior distinct from those elaborated in the basolateral nuclei (Gallager and Holland 1994; Killcross et al. 1997 ). Therefore, a prominent activation of FLI by clozapine, but not haloperidol, in the central extended amygdala, as reported by this study, might help to understand why clozapine is effective on such symptoms as blunted affect, social withdrawal and, in general, on the so-called negative symptoms of schizophrenia.
The therapeutic effects of clozapine have been attributed to an action on 5-HT 2 and dopamine D 4 receptors, whereas, the effects of haloperidol seems to be mediated by dopamine D 2 and D 3 receptors (Brunello et al. 1995) . The central amygdaloid nucleus and BST lateral division receive large serotoninergic and noradrenergic innervation (Ma et al. 1991; Phelix et al. 1992; Sadikot and Parent 1990) ; moreover, the BST lateral division and the central amygdaloid nucleus, both directly and through the Acb shell and the IPAC, which belong to the most densely dopamine-innervated areas of the forebrain, are strongly affected by dopaminergic inputs (Freedman and Cassell 1994) . The different efficacy of clozapine and haloperidol in inducing FLI in the central extended amygdala might be related to the complex innervation of these areas, which might mediate the effect of clozapine, but not haloperidol; however, the specific role of the different receptor types in the increase of FLI cannot be determined from the results of the present study.
In conclusion, the elevation of FLI induced by clozapine in the central extended amygdala provides evidence of the postulated importance of the extended amygdala in neuropsychiatric disorders characterized by affective disturbances and might be utilized as a tool to differentiate typical and atypical antipsychotics.
